ABSTRACT | Objective: This study aimed to investigate the association of two fluorescent dyes to Laser Fluorescence (LF) device in detecting smooth and occlusal natural caries in primary teeth in vitro. Methods: Measurements were performed with LF only and LF associated to tetrakis (N-methylpyridyl) porphyrin (LF-TMPyP) and protoporphyrin IX (LF-PPIX) in 72 smooth surfaces (from 63 primary molars) and 134 occlusal sites (from 81 primary molars). To validate the suggested technique, surfaces were sectioned and fragments were evaluated under a stereomicroscope. Smooth surfaces were also evaluated by using polarized light microscopy and Knoop microhardness. For both smooth and occlusal surfaces, ROC analyses were performed, and sensitivities, specificities and accuracies were assessed. In smooth surfaces, Pearson's correlation coefficients between LF values and lesions hardness or lesions depth were calculated. Results: LF-TMPyP presented higher hardness correlation with lesion depth than other methods in smooth surfaces. Both smooth and occlusal surfaces showed no differences in other parameters among the methods. Relevance: The LF-TMPyP might improve performance in quantifying smooth-surface caries lesions in primary teeth. However, sensitivity is improved when caries lesion extends into inner half of the enamel but not to amelodentinal junction when using LF-PPIX in smooth caries lesions. Associating fluorescent dyes does not improve LF performance on occlusal caries. DESCRIPTORS | Dental Caries; Dyes; Fluorescence; Primary Teeth. RESUMO | Fluorescência à laser associada a corantes para detecção de lesões de cárie naturais em dentes decíduos • Objetivo: Este estudo investigou a associação de dois corantes fluorescentes e um dispositivo de fluorescência a laser (FL) na detecção de lesões de cá-rie naturais nas superfícies lisas e oclusais de dentes decíduos in vitro. Métodos: Foram realizadas medições com FL e com FL associado à tetrakis(N-metilpiridil)porfirina (FL-TMPyP) e protoporfirina IX (FL-PPIX) em 72 superfícies lisas (de 63 molares decíduos) e 134 superfícies oclusais (de 81 molares decíduos). Para validação, as superfícies foram seccionadas e os cortes obtidos foram avaliados sob estereomicroscópio. As superfícies lisas também foram avaliadas por microscopia de luz polarizada e teste de microdureza Knoop. Para ambas as superfícies a análise ROC foi realizada, e sensibilidade, especificidade e acurácia foram avaliadas. Nas superfícies lisas foram calculados coeficiente de correlação de Pearson entre os valores de FL e dureza ou profundidade das lesões. Resultados: FL-TMPyP apresentou maior correlação com dureza e profundidade das lesões do que outros métodos em superfícies lisas. Em ambas as superfí-cies não houve diferença em outros parâmetros entre os métodos. Relevância: A associação FL-TMPyP pode melhorar o desempenho em quantificar as lesões de cárie em superfícies lisas em dentes decíduos. Entretanto, a sensibilidade é melhorada em metade interna do esmalte, mas não na junção amelodentinária quando usado PPIX em lesões de superfícies lisas. A associação de FL com corantes não melhorou o desempenho nas lesões de cárie oclusais.
INTRODUCTION
Visual and radiographic methods are currently used for caries detection, however they do not permit quantification of caries lesions. 1, 2 Quantitative methods could provide monitoring of caries lesions in shorter periods, 3, 4 making them conceivable to assess the effectiveness of anticaries agents in abbreviated clinical trials. 5 Fluorescence has been used to differentiate carious from sound tissue using light/laser with several wavelengths. 6, 7 The laser fluorescence device (LF) chosen in this investigation uses a diode laser that emits a 655-nm red light. 8 Part of this light is absorbed by chromophores in dental tissues and reemitted at a different wavelength (near-infrared). 9 ,10 LF mechanism consists in measuring the fluorescence emitted from existing porphyrins in caries lesions and converting fluorescence values in a numerical scale. Porphyrins that exist in dental caries include protoporphyrin IX (PPIX). 10 This device uses a different principle when compared to other quantitative methods, which are related to mineral loss.
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For initial caries lesions, however, the method has presented inferior performance on occlusal [12] [13] [14] [15] and smooth surfaces 16, 17 since bacterial invasion in these lesions is negligible 18 and the concentration of porphyrins tends to be lower when compared to cavitated lesions. A new approach to improve LF performance in detecting and quantifying early caries lesions was proposed 19, 20 by using the association of LF device with fluorescent dyes. It has presented good results in detecting early demineralization 19, 20 Even if the lesion presents low quantity of porphyrins to be read by the LF device, the dyes can penetrate into lesion porosities and facilitate LF readings.
Despite good results of this caries diagnosis approach, 19, 20 previous studies used artificial caries lesions. As artificial caries lesions are increasingly softened compared to natural ones, [21] [22] [23] 
MATERIAL AND METHODS

Dyes selection
The Local Ethical Committee approved this study (Protocol 26/04) and teeth were donated by a Bank of Human Teeth. We selected two porphyrins to use as dyes, Protoporphyrin IX (PPIX, Aldrich, Milwaukee, USA) and tetrakis (N-methylpyridyl) porphyrin (TMPyP, Aldrich, Milwaukee, USA). The experiments undertaken to determine the best concentrations and solvents of the dyes were described in earlier studies (1, 2) . Both porphyrins were used at 0.2 mM TMPyP dissolved in water, and 4.0 mM PPIX dissolved in water: dimethyl sulfoxide (1:1).
Smooth surfaces -Sample selection
This subsample comprised 72 approximal surfaces of 63 primary molars. The samples were randomly distributed according the type of dye they would receive in order to avoid some selection bias.
Thus, 39 surfaces were allocated to the experiment with PPIX and 34 surfaces were used with the TMPyP dye.
The teeth were polished with pumice/water slurry and copiously rinsed with tap water. Then, digital pictures were obtained of each surface.
After that, the teeth were stored in saline solution in individual containers at room temperature (ca. 24±1°C). Occlusal surfaces -sample selection 
Smooth surfaces -LF measurements
Statistical analyses
RESULTS
Smooth caries lesions
There was significant positive correlation be- Concerning the performance in detecting smooth-surface caries lesions, a slightly difference was observed between methods associated or not with the fluorescent dyes. LF PPIX presented higher sensitivity at D2 threshold, and higher specificity and accuracy at D3 threshold (Table 1) . Regarding the LF TMPyP, the method achieved higher specificity value only at D2 threshold. Other parameters did not present statistically significant differences (Table 1) 
Occlusal caries lesions
There were no significant differences between LF methods, associated or not with the fluorescent dyes, in parameters related to performance at both There were no significant differences among the methods in any parameters. Az = Area under ROC curve.
D1 and D3 thresholds. Generally, the best cut-off points using the fluorescent dyes were higher than the LF alone, but the performance was similar for all methods (Table 2) .
DISCUSSION
In this study, we tested the performance of as- and artificial caries around brackets. 20 On the other hand, the association with PPIX has not been useful, since it has presented similar results than with the device with no dyes. 19 Our findings corroborate these previous results.
The most favorable correlation of LF-TMPyP with lesions hardness and depth could be explained by the chemical properties of this dye. TMPyP is a hydrophilic substance with high affinity for surfaces. 24 Enamel caries lesion is usually a subsurface lesion, presenting an apparently intact surface. 21, 25 This surface however, is rough due to the acid attack on it. 25, 26 Thus, the roughness of non-cavitated caries lesions could explain the better interaction with TMPyP, and, consequently, higher performance using this dye.
Since LF device detects organic content of caries lesions instead of mineral loss, 10, 27 it is comprehensible that the incorporation of a fluorescent dye improve the detection of the lesions. Otherwise, in naturally created caries lesions, there are also significant changes in organic content of caries lesions, probably due to the presence of bacterial metabolites. 28 Then, the LF by itself presented a satisfactory performance in detecting initial natural caries lesions, and the association with TMPyP did not significantly improve this performance in the present study, despite its higher correlation with other parameters related to caries lesions.
Differently from observed for detecting very early artificial caries (formed during at maximum 96 hours)(1), PPIX improved significantly LF performance in detecting natural enamel caries (probably formed for a longer period) and made LF more specific and accurate to detect dentine caries lesions.
PPIX is an anionic and lipophilic porphyrin produced by some bacteria related to caries lesions. 29 The cumulative effect of this kind of porphyrin (both from the lesion and from the dye) could have contributed to improve LF readings at advanced enamel threshold. We can hypothesize that an advanced enamel lesion itself cannot present metabolites enough to be detected by LF whereas the junction of both porphyrins sources does it.
Regarding dentine lesions, they are supposed to have higher concentration of porphyrins themselves, due to their higher level of infection. 30 Therefore, no benefits were observed in the sensitivity at this threshold. However, additional porphyrins from the dye contribute more expressively to differentiate sound tissues and enamel lesions from dentine lesions (higher specificity at D3). In conclusion, for smooth surfaces, PPIX can help us in an important task, which is improving the caries detection at D2 threshold, since LF has showed better performance to detect more advanced lesions. 12, 13, 15 Nevertheless, despite using dyes, no contribution was observed for initial enamel caries (D1).
On the occlusal surfaces, association with dyes did not improve caries detection compared to the use of LF alone. Since performance of LF device has been satisfactory in occlusal surfaces, although some occurrences of false positive readings, 31 it is understandable that the association with dyes did not improve the performance. In addition, dyes penetration on occlusal caries can be different to smooth surfaces. This occurrence can be an effect of occlusal morphology.
We did not carry out any method to quantify caries lesions on occlusal surfaces. Actually, quantification of occlusal surfaces is difficult because of the anatomy of these surfaces. Thus, the majority of the studies has performed the validation using a relative scale instead of absolute measurements. 32 Considering this limitation, we did not find any advantage in the association of fluorescent dyes and LF device in detecting occlusal caries.
An important prerequisite for a monitoring method is its reproducibility. 5, 33 We evaluated the intra-examiner reproducibility after one month from first measurements. This evaluation had two purposes: checking the reliability itself and eva- In the oral environment, we suppose dye would be probably removed more efficiently than in laboratory conditions. However, further studies should be conducted to investigate this hypothesis.
Another issue concerning caries diagnosis is caries activity assessment. As active lesions are more porous than inactive lesions, it is probable that the dye might penetrate more significantly in active than in inactive lesions and help to differentiate both statuses of lesions. This premise can explain the lower correlation of LF readings and lesion micro hardness.
As we used exfoliated teeth from a bank of teeth, we could not standardize the lesions activity status. This alternative should be tested in further studies and can lead to a possibility to improve caries detection.
In conclusion, LF-TMPyP association might improve performance in quantifying smooth-surface caries lesions in primary teeth. However, LF sensitivity is improved at D2 threshold when using PPIX. The association of the device with fluorescent dyes does not improve the performance in occlusal caries lesions.
